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ABSTR CT 

Monthly c o l l e c t i o n s  o f  Clown goby Mic rogob ius  g u l o s u s  were 

made from Phrch  1984 t h r o u g h  F e b r u a r y  1985 a t  two s t a t i o n s  

l o c a t e d  a t  t h e  h e a d  o f  t h e  Banana R i v e r ,  Breva rd  County,  

F l o r i d a  a s  part of t h e  long term e n v i r o n m e n t a l  m o n i t o r i n g  program 

a t  t h e  John F. Kennedy Space  C e n t e r .  A t o t a l  of 18 ,921  f i s h e s  

c o m p r i s i n g  e i g h t  f a m i l i e s  a n d  12  g e n e r a  was c o l l e c t e d .  - M .  

g u l o s u s  r e p r e s e n t e d  6.4% o f  t h e  t o t a l  c a t c h .  P o p u l a t i o n s  of  - M .  

g u l o s u s  e x h i b i t e d  a g g r e g a t i o n  b e h a v i o r  which v a r i e d  i n  i n t e n s i t y  

d e p e n d i n g  on d e n s i t i e s  a n d  h a b i t a t  c h a r a c t e r i s t i c s .  C a p t u r e  data 

were S e s t  d e c r i b e d  b y  the n e g a t i v e  b i n o m i a l  d i s t r i b u t i c n .  Mean 

est imates  o f  i n d i v i d u a l s  p e r  rn2 ranged from 0 . 0  t o  a h i g h  of  2 2 . 1  

d u r i n g  p e r i o d s  o f  pe3k r e c r u i t m e n t .  The  t o t a l  l e n g t h - w e i g h t  

r e g r e s s i o n  f o r  a l l  i n d i v i d u a l s  measu red  was Log 'Sr=-4.65 + 2 . 7 2  

Log L .  - M .  g u l o s u s  o b t a i n e d  a s i z e  o f  35-40 na TL t h e  f i r s t  year 

a n d  50-60 mm TL t h e  s e c o n d  y e a r .  T o t a l  l e n g t h s  o f  a l l  spec imens  

r a n g e d  from 11 t o  71 mm. Young o f  t h e  y e s r  f i r s t  a p p e a r e d  i n  : k y  

w i t h  smallest  i n d i v i d u a l s  c o l l e c t e d  i n  June  a n d  J u l y .  A 

p r o t r a c t e d  spawning  p e r i o d  was o b s e r v e d .  S tonach  a n d  g u t  

a n a l y s e s  r e v e a l e d  c r u s t a c e a n s  a n d  a n n e l i d s  conb ined  r e p r e s e n t e d  

65% a n d  66% of  t h e  t o t a l  d i e t  f o r  - M .  g u l o s u s  from s t a t i o n s  1 a n d  

2,  r e s p e c t i v e l y .  D i f f e r e n c e s  i n  p r o p o r t i o n s  o f  t h e  two g r o u p s  

were p r e s e n t  between t h e  two s t a t i o n s .  C r u s t a c e a n s  r e p r e s e n t e d  

47.1% o f  t h e  d i e t  f o r  g o b i e s  c o l l e c t e d  a t  s t a t i o n  1 a n d  a n n e l i d s  

40.8% f o r  spec imens  c o l l e c t e d  from s t a t i o n  2 .  F e c u n d i t y  was low 

w i t h  t h e  mean n u m b e r  of  ova b e i n g  305 - + 77.5  f o r  females be tween 

35 a n d  49 mm TL. E s t i m a t e d  m o r t a l i t y  ra te  was a p p r o x i m a t e l y  95% 

a n n u a l l y  . 



INTRODUCTION 

The g e n u s  M i c r o g o b i u s  Poey i n c l u d e s  1 4  s p e c i e s  o f  American 

s e v e n - s p i n e d  g o b i e s .  Of t h e s e ,  s i x  a r e  western A t l a n t i c  a n d  

e i g h t  a r e  eastern P a c i f i c  i n h a b i t a n t s  (Boh lke  and  Rob ins  1 9 6 8 ) .  

Four w e s t e r n  A t l a n t i c  s p e c i e s ,  - M .  c a r r i ,  - M .  m i c r o l e p i s ,  - M .  

g u l o s u s  a n d  - M .  t h a l a s s i n u s ,  a r e  r e p o r t e d  from t h e  I n d i a n  R i v e r  

Lagoon System a n d  a d j a c e n t  w a t e r s  o f  s o u t h e s s t  F l o r i d a  ( G i l m o r e  

e t  a l .  1981,  1 9 8 3 ) .  S n e l s o n  (1980 ,  1983)  a n d  Schoo ley  ( 1 9 8 0 )  

r e p o r t e d  t h a t  o n l y  - M .  g u l o s u s  a n d  - M .  t h a l a s s i n u s  have  been 

c o l l e c t e d  in t h e  n o r t h e r n  p o r t i o n  o f  t h e  I n d i a n  R i v e r  Lagoon 

Sys tem,  w i t h  t h e  f o r m e r  b e i n g  most common . 
S e v e r a l  i n v e s t i g a t o r s  have r e p o r t e d  on t h e  r a n g e ,  g e n e r a l  

e c o l o g y  a n d  b i o l o g y  o f  - M .  g u l o s u s .  

d i s t i n c t i o n  between - M .  g u l o s u s  a n d  - M .  t h a l a s s i n u s  w i t h  d e t a i l e d  

d e s c r i p t i o n s  of  t h e  two s p e c i e s  2nd a d i s c u s s i o n  o f  q u a l i t a t i v e  

h a b i t a t  a s s o c i a t i o n s  a n d  l o c a t i o n s  o f  c a p t u r e  a l o n g  t h e  Gulf  o f  

Mexico c o a s t .  K i l b y  (1955)  c o l l e c t e d  256 spec imens  of  - M. 

g u l o s u s ,  n o t i n g  such  i n f o r m a t i o n  a s  s i z e  r a n g e ,  time o f  spawning  

a n d  h a b i t a t  c h a r a c t e r i s t i c s ,  i n c l u d i n g  s u b s t r a t e  t y p e ,  v e g e t a t i o n  

c o v e r a g e  a n d  s a l i n i t y  a s s o c i a t i o n s  i n  3 s t u d y  d e s i g n e d  t o  d e f i n e  

f i s h  s p e c i e s  a b u n d a n c e  a n d  d i s t r i b u t i o n  i n  b r a c k i s h  water marshes 

near  B a y p o r t  a n d  Cedar Key, F l o r i d a .  Reid  (1954)  i n v e s t i g s t e d  

f i s h e s  of s h a l l o w  b r a c k i s h  waters a n d  c h a n n e l s  a t  Cedar  Key, 

F l o r i d a .  H i s  r e f e r e n c e  t o  - M .  g u l o s u s  h i g h l i g h t e d  i n f o r m a t i o n  on 

i t s  b i o l o g y  i n c l u d i n g  h a b i t a t  a s s o c i a t i o n ,  spawning ,  d i e t  a n d  

c o l o r a t i o n  patterns r e l a t i n g  t o  h a b i t a t  c h a r a c t e r i s t i c s .  

S p r i n g e r  a n d  Woodburn ( 1 9 6 0 )  made b r i e f  r e f e r e n c e  t o  h a b i t a t  

G i n s b u r g  (1934)  addressed  t h e  
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a s s o c i a t i o n ,  spawning  a n d  d i e t  of - M .  g u l o s u s  i n  a n  e c o l o g i c a l  

s t u d y  of  f i s h e s  o f  T a m p a  Bay ,  F l o r i d a .  Ra i rd  ( 1 9 6 5 )  c o l l e c t e d  

spec imens  from Nine Mile Pond n e a r  R o c k p o r t ,  Texa's a n d  n o t e d  

on t h e  e c o l o g y ,  b e h a v i o r  a n d  d i e t .  H e  assessed t h e  v a l u e  o f  

s t r o n g  s e x u a l  dimorphism a n d  i t s  i n f l u e n c e  on n i c h e  e x p a n s i o n  a n d  

d i f f e r e n t i a l  n i c h e  u t i l i z a t i o n .  H i s  d e s c r i p t i v e  a c c o u n t  o f  t h e  

g e n e r a l  h a b i t a t  f rom which  spec imens  were c o l l e c t e d  q u a l i t a t i v e l y  

d e f i n e d  h a b i t a t  a s s o c i a t i o n s  for p o p u l a t i o n s  o c c u r r i n g  a l o n g  t h e  

Gulf c o a s t  s t a t e s .  

Lhwson ( 1 9 6 9 ) ,  i n  a key  t o  common g o b i o i d  f i s h e s  i n h a b i t i n g  

e s t u a r i e s  of  t h e  n o r t h e r n  Gulf o f  Mexicc ,  d e s c r i b e d  - Y. g u l o s u s  

a n d  made general s t a t e m e n t s  a s  t o  h a b i t a t  a s s o c i a t i o n  a n d  

d i s t r i b u t i o n .  A comprehens ive  s t u d y  t h a t  reviewed t h e  

s y s t e m a t i c s  o f  t h e  g e n u s  Microgobius  a n d  r e d e s c r i b e d  t h e  s p e c i e s  

was p r e s e n t e d  by B i r d s o n g  ( 1 9 8 1 ) .  He r e p o r t e d  on s eve ra l  

s p e c i e s ,  i n c l u d i n g  - M .  g u l o s u s ,  i n c l u d i n g  i n f o r m a t i o n  on e c o l o g y ,  

h a b i t a t  a s s o c i a t i o n ,  s a l i n i t y  t o l e r a n c e ,  n e s t i n g  b e h a v i o r ,  

spawning ,  d i e t  a n d  d i s t r i b u t i o n .  

- M .  g u l o s u s  i s  r a r e l y  c o l l e c t e d  n o r t h  of  t h e  S t .  J o h n s  R i v e r ,  

J a c k s o n v i l l e ,  F l o r i d a  (Lee e t  a l .  1980,  S a n d i f e r  e t  sl. 1980,  

B i r d s o n g  1 9 8 1 ) .  S c h w a r t z  (1971)  documented a s i n g l e  c o l l e c t i o n  

of 32 spec imens  i n  t h e  v i c i n i t y  of  t h e  P a t u x e n t  R i v e r ,  M a r y l a n d  

on 5 F e b r u a r y  1962 a s  i t s  n o r t h e r n  r a n g e .  The s o u t h e r n m o s t  

p o p u l a t i o n  o c c u r s  i n  t h e  F l o r i d a  Keys ( B i r d s o n g  1 9 8 1 ) .  fi. 
g u l o s u s  also o c c u r s  a l o n g  t h e  Gulf c o a s t  t o  t h e  M i s s i s s i p p i  

d e l t a .  G o s s e l i n k  e t  a l .  (1979)  a n d  Lee e t  a l .  ( 1 9 8 0 )  r e p o r t e d  

- M .  g u l o s u s  a b s e n t  f rom t h e  Chenier  P l a i n  r e g i o n  of west 
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L o u i s i a n a  a n d  e a s t  T e x a s ,  y e t  p o p u l a t i o n s  a r e  p r e s e n t  i n  t h e  

r e g i o n  o f  Corpus C h r i s t i ,  Texas.  

The s h a l l o w  water f i s h  fauna a t  t h e  h e a d  o f ' t h e  Ehnana 

R i v e r ,  B r e v a r d  County ,  F l o r i d a  a n d  i t s  a s s o c i a t e d  impounded 

m a r s h e s  was i n v e s t i g a t e d  between I h r c h  1984 and  F e b r u a r y  1985 a s  

part o f  t h e  l ong- t e rm e n v i r o n m e n t a l  m o n i t o r i n g  program a t  t h e  

John F. Kennedy Space  C e n t e r  (Hall e t  a l .  1985) .  D i s c u s s i o n s  

i n c l u d e d  i n  t h i s  p a p e r  p e r t a i n  t o  c a t c h  d i s t r i b u t i o n ,  d e n s i t y ,  

b iomass ,  r e l a t i v e  a b u n d a n c e ,  food h a b i t s ,  h a b i t a t  a s s o c i a t i o n s ,  

l e n g t h - w e i g h t  r e l a t i o n s h i p s ,  p o p u l a t i o n  s t a t i s t i c s  a n d  

r e p r o d u c t i v e  c h a r a c t e r i s t i c s  of  M .  g u l o s u s  on t h e  e a s t  c o a s t  o f  - 
ten t r s  1 F l o r i d a .  

MATERIALS AND METHODS 

Month ly  c o l l e c t i o n s  were made u s i n g  a 1 q2 t o s s  n e t  m o d i f i e d  

a f t e r  Kushlan (1981) .  The fmme, made of T 6  aluminum p i p e ,  s t o o d  

75 cm h i g h  a n d  was f i t t e d  w i t h  a 3 .1  mm s t r e t c h  mesh,  t a r  c o a t e d ,  

ny lon  n e t t i n g .  A c a n v a s  hem,  d e s i g n e d  t o  r e t a rd  wear o f  t h e  n e t  

m a t e r i a l ,  was sewn o n t o  t h e  n e t t i n g  where i t  wrapped a r o u n d  b o t h  

t h e  u p p e r  and l ower  p i p i n g .  A p a n e l  w i t h  i n c r e m e n t s  of  5 cm 

m a r k i n g s  was a l s o  sewn o n t o  t h e  s ides  o f  t h e  n e t t i n g  t o  

f a c i l i t a t e  d e p t h  measurements  o f  each sample .  F o l l o w i n g  a t o s s ,  

when one  s i d e  o f  t h e  frame was s u b s t a n t i a l l y  lower t h a n  t h e  

o p p o s i t e  s i d e ,  a n  a v e r a g e  o f  t h e  two d e p t h s  was r e c o r d e d .  

Samples  were r e j e c t e d  i f  t h e  frame f a i l e d  t o  l a n d  o r  seat, 

p r o p e r l y  on a s u b s t r a t e .  A d i p  n e t  made of t h e  same ma te r i a l  a s  

t h e  frame w i t h  d i m e n s i o n s  s l i g h t l y  less  t h a n  1 m 2  was u s e d  t o  
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c o l l e c t  f i s h e s  from i n s i d e  t h e  t o s s  n e t .  V e g e t a t i o n  t y p e  a n d  

p e r c e n t  c o v e r a g e ,  i n s i d e  t h e  n e t ,  were d e t e r m i n e d  v i a  v i s u a l  a n d  

t a c t i l e  i n s p e c t i o n .  Sampl ing  i n s i d e  t h e  t o s s  n e b  c o n t i n u e d  u n t i l  

a l l  f i s h e s  were removed o r  u n t i l  th ree  c o n s e c u t i v e  s c o o p s ,  p l u s  a 

v i s u a l  a n d  a t a c t i l e  i n s p e c t i o n  o f  t h e  e n c l o s u r e ,  f a i l e d  t o  

r e v e a l  t h e  p r e s e n c e  of spec imens .  Spec imens  were p r e s e r v e d  i n  

10% f o r m a l i n  a n d  l a t e r  t r a n s f e r r e d  t o  45% i s o p r o p y l  a l c o h o l .  

F i s h e s  were measu red  i n  t h e  l a b o r a t o r y ,  u s i n g  a S c h e r r  

Tumico s ta inless  s t e e l  c a l i p e r  a n d  wet w e i g h e d  (0 .001  g >  u s i n g  a n  

e l e c t r o n i c  t o p l o a d i n g  Mettler ~ ~ 1 6 0  ba lance .  A l l  s e x  

d e t e r m i n a t i o n s  were nade  v i a  d i s s e c t i o n s .  Gcnzda l  m a t e r i a l  was 

removed by d i s s e c t i o n  a n d  w e t  weighed on an a n a l y t i c a l  Mettler H 5  

b a l a n c e  (0.0001 g ) .  O v a r i e s  of s e l e c t e d  s p e c i m e n s  were d i s s e c t e d  

a n d  t h e  r i p e n i n g  ova c o u n t e d  f o l l o w i n g  Ehgenal ( 1 9 6 7 ) .  No e f f o r t  

was made t o  c o u n t  ova from spec imens  w i t h  o v a r i e s  t o o  small a n d  

f r a g i l e  t o  d i s s e c t .  R i p e n i n g  ova were i d e n t i f i e d  a s  those w i t h  a 

y e l l o w i s h  c o l o r  i n  small  spec imens  a n d  a da rke r  g o l d  c o l o r  i n  

l a r g e r  spec imens .  Egg d i a m e t e r s  were measu red  u s i n g  an Olyrnpus 

BH2 m i c r o s c o p e  (1OOx)  w i t h  a c a l i b r a t e d  o c u l a r  m i c r o m e t e r .  

Water q u a l i t y  p a r a m e t e r s ,  i n c l u d i n g  t e m p e r a t u r e ,  

c o n d u c t i v i t y ,  s a l i n i t y  and  s t a t i o n  d e p t h ,  were measu red  a t  a 

permanent  s t a t i o n  marker p o s i t i o n e d  a t  t h e  s o u t h e r n  end  o f  e a c h  

o f  t h e  two s i t e s  u s i n g  e i t h e r  a Yel low S p r i n g s  I n s t r u m e n t s  (YSI) 

model 51b a n d  a YSI model 33 o r  a Hydro lab  model  8000 f i e l d  

s u r v e y o r .  S t a t i s t i c a l  a n d  g r a p h i c a l  data a n a l y s e s  were c o n d u c t e d  

w i t h  SPSS/PC+ ( N o r u s i s  1 9 8 6 ) ,  ELEFAN ( B r e y  a n d  P a u l y  1986)  on a n  

IBM PC/AT, a n d  STAT80 ( F u l l e r t o n  1983)  a n d  G r a f i t  ( G r a p h i c u s  

4 
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1986)  on a Hewlet Ehckard 1000. The data a n a l y s i s  s t r a t e g y  

f o l l o w e d  a s t r u c t u r e d  a p p r o a c h  t h a t  i n v o l v e d  data s u m m a r i z a t i o n ,  

c a l c u l a t i o n  of bas i c  s t a t i s t i c s ,  t r a n s f o r m i n g  data where 

n e c e s s a r y ,  c a l c u l a t i o n  of b i v a r i a t e  m e a s u r e s  of a s s o c i a t i o n  a n d  

h y p o t h e s i s  t e s t i n g  (Comiskey and Brand t  1 9 8 2 ) .  A s i g n i f i c a n c e  

l e v e l  o f  0.05 was used  d u r i n g  a l l  s t a t i s t i c a l  t e s t s  t o  denote  

s i g n i f i c a n c e .  A gonadosornatic i n d e x  (GSI) was c s l c u l a t e d  by  

d i v i d i n g  t h e  gonad w e i g h t  by t h e  s o m a t i c  w e i g h t  ( s o m a t i c  w e i g h t  = 

t o t a l  w e i g h t  minus  gonad w e i g h t )  ( E h g e n a l  1967)  a n d  m u l t i p l y i n g  

t h e  r e s u l t  by 100.  An impor tance  v a l u e  (IV) was c a l c u l a t e d  f o r  

e a c h  mcn th  s t  e a c h  s t a t i o q  a c c o r d i n g  t o  Mul l igan  a n d  S n e l s o n  

( 1 9 8 3 ) .  Length-weight  r e g r e s s i o n s  a n d  a n a l y s i s  o f  c o v a r i a n c e  

were c o n d u c t e d  t o  e v s l u a t e  p o s s i b l e  d i f f e r e n c e s  i n  t h e  r e l a t i v e  

c o n d i t i o n  o f  - M. g u l o s u s  t h a t  might o c c u r  a s  a r e s u l t  o f  s e x u a l  

d imorphism o r  d i f f e r e n c e s  i n  h a b i t a t  q u a l i t y  ( L a g l e r  1 9 5 6 ) .  

P o p u l a t i o n  s t a t i s t i c s  i n c l u d i n s  r e c r u i t m e n t  p a t t e r n  a n d  m o r t a l i t y  

r a t e s  were c a l c u l a t e d  a c c o r d i n g  t o  R i c k e r  ( 1 9 7 5 )  a n d  B r e y  a n d  

P a u l e y  ( 1 9 8 6 ) .  

STUDY A R E A  

Two separate b o d i e s  o f  water  l o c a t e d  a t  t h e  h e a d  of  t h e  

Banana River ( F i g u r e  1 )  were sampled.  S t a t i o n  1 was a s m a l l  

l agoon  ( 3 . 6  h a )  w i t h  a c c e s s  t o  t h e  b n a n a  R i v e r  v i a  a c a n a l  

a p p r o x i m a t e l y  30 m wide  s n d  2 m deep .  The  a v e r a g e  d e p t h  o f  t h e  

l a g o o n  was 7 5  cm w i t h  a naxirnum of 2 m n e a r  t h e  c e n t e r .  Dominant 

submerged a q u a t i c  v e g e t a t i o n  (SAV) was widgeon grass  (Ruppia  

m a r i t i m a )  a n d  t o  a l e s s e r  e x t e n t  s h o a l  g rass  ( H a l o d u l e  
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w r i g h t i i ) .  S u b s t r a t e  a t  s ta t ion 1 was c o m p r i s e d  of 0.5% s h e l l ,  

97% s a n d  a n d  2.5% s i l t  a n d  c l a y .  S t a t i o n  2 was l o c a t e d  d i r e c t l y  

n o r t h  of  s t a t i o n  1 a n d  was n e a r l y  e q u a l  i n  s i z e .  8 The two s i t e s  

were s e p a r a t e d  by  a n  ear then d i k e .  The a v e r a g e  d e p t h  a t  s t a t i o n  

2 was a b o u t  1 m. Dominant S A V  s p e c i e s  were R .  maritima a n d  Chara - 
s p p .  The  s u b s t r a t e  was s i m i l a r  t o  s t a t i o n  1, however  t h e  

p r e s e n c e  o f  l a r g e  numbers  o f  t h e  b i v a l v e  Geukens ia  demissa  a l o n g  

t h e  s h o r e l i n e  a n d  among t h e  s a l t m a r s h  c o r d g r a s s  ( S p a r t i n a  

a l t e r n i f l o r a ) ,  a l t e r e d  t h e  s u b s t r a t e  r a t i o s  t o  2% s h e l l ,  97% 

s a n d  a n d  1% s i l t  a n d  c l a y .  Water t e m p e r a t u r e ,  s a l i n i t y  a n d  d e p t h  

n e a s u r e m e n t s  a r e  p r e s e n t e d  i n  F i g u r e  2 .  

RESULTS AND D I S C U S S I O N  

Abundance a n d  Biomass 

A t o t a l  o f  1 8 , 9 2 1  f i s h e s  r e p r e s e n t i n g  13 s p e c i e s  were 

c o l l e c t e d  i n  230 s a m p l e s  from t h e  two s t a t i o n s .  - M .  gulosus 

c o m p r i s e d  6 .4% of  t h e  t o t a l  c a t c h  o r  1217 s p e c i m e n s .  A t  s t a t i o n  

1, 263 - M. g u l o s u s  were c o l l e c t e d  i n  43.3% o r  52 of 120 s a n p l e s ,  

w h i l e  a t  s t a t i o n  2 ,  954 i n d i v i d u a l s  were c o l l e c t e d  i n  79.1% o r  87 

o f  110  s a m p l e s .  A n a l y s i s  o f  the d i s t r i b u t i o n  of c a t c h  d s %  

i n d i c a t e d  a s t a t i s t i c a l l y  s i g n i f i c a n t  f i t  t o  t h e  n e g a t i v e  

b i n o m i a l  d i s t r i b u t i o n  f o r  saaples from bo th  s i t e s ,  a common 

s a m p l e  d i s t r i b u t i o n  f o r  b i o l o g i c a l  spec imens  d i s p l a y i n g  

b e h a v i o r a l  a g g r e g a t i o n s  (Tay lo r  1953, Cox 1 9 8 0 ) .  - M .  g u l o s u s  was 

n o t  u n i f o r m l y  o r  randomly  d i s t r i b u t e d  t h r o u g h o u t  t h e  s t u d y  a r e s .  

S t a t i s t i c a l  t es t s  f o r  f i t s  t o  these d i s t r i b u t i o n s  were n o t  

s i g n i f i c a n t .  Cox ( 1 9 8 0 )  s t a t e s  t h a t  t h e  v a l u e  o f  K,  t h e  e x p o n e n t  
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from t h e  n e g a t i v e  b i n o m i a l  d i s t r i b u t i o n ,  i s  r e p r e s e n t a t i v e  o f  t h e  

degree of i n t r a s p e c i f i c  a g g r e g a t i o n  w i t h  lower  v a l u e s  

r e p r e s e n t i n g  a more h i g h l y  clumped c o n d i t i o n .  S t a t i o n  1 had  a K 

v a l u e  of 0.2497 w h i l e  s t a t i o n  2 h a d  a K v a l u e  o f  0.5575. These 

r e s u l t s  s t r o n g l y  s u g g e s t e d  d i f f e r e n c e s  i n  a g g r e g a t i o n  

c h a r a c t e r i s t i c s  between t h e  t w o  sample  areas .  F a c t o r s  

i n f l u e n c i n g  o b s e r v e d  a g g r e g a t i o n  may i n c l u d e  sample a r e a ,  t r o p h i c  

s t r u c t u r e ,  h a b i t a t  c h a r a t e r i s t i c s  a n d  s p e c i e s  a b u n d a n c e .  

A t - t es t  was c o n d u c t e d  t o  compare mean number of  i n d i v i d u a l s  

p e r  m 2  between s t a t i o n s .  O v e r a l l  mean a t  s t a t i o n  1 ( 2 . 1 9 )  was 

s i g n i f i c a n t l y  l=wer t h a n  t h e  mean a t  s t a t i o n  2 (8 .67 )  f o r  qreas  

i n  which samples c o u l d  b e  c o l l e c t e d  (mb le  1 ) .  T h i s  d i f f e r e n c e  

i n  d e n s i t y  may i n  part  b e  r e s p o n s i b l e  f o r  o b s e r v e d  d i f f e r e n c e s  i n  

c a t c h  d i s t r i b u t i o n s  be tween  t h e  two s i t e s .  

No estimates of d e n s i t i e s  f o r  - M .  g u l o s u s  have  b e e n  r e p o r t e d  

i n  t h e  l i t e r a t u r e ,  b u t  i n f o r m a t i o n  r e g a r d i n g  d e n s i t y  es t imates  of 

o t h e r  g o b i o i d  f i s h e s  f rom s imi la r  h a b i t a t s  was a v a i l a b l e .  

C r a b t r e e  a n d  Dean (1982)  e s t i m a t e d  d e n s i t i e s  o f  7.7 Gobiosoma 

b o s c i  p e r  m 2  i n  t h e  Nor th  E d i s t o  a n d  25 .2  f i s h  p e r  m2 i n  t h e  

Leadenwah p o o l s ,  South  C a r o l i n a .  Nero ( 1 9 7 6 )  e s t i m a t e d  d e n s i t i e s  

o f  - G .  b o s c i  i n  Chesapeake  b y  t o  be  8.0 f i s h  p e r  m 2 .  

( 1962)  es t imated - G .  b o s c i  d e n s i t i e s  o f  4.9 f i s h  p e r  a2 i n  t h e  

b a y s i d e  e a s t e r n  s h o r e  o f  V i r g i n i a .  

Hoese 

Month ly  mean d e n s i t i e s  of - M .  g u l o s u s  a t  s t a t i o n  1 ranged 

from 0.0 i n  A p r i l  t o  7 .1  i n d i v i d u a l s  p e r  m 2  i n  O c t o b e r .  Mean 

d e n s i t i e s  a t  s t a t i o n  2 d e c l i n e d  from 22.1 i n  May t o  0.9 f i s h  p e r  

m2 i n  Augus t .  High d e n s i t i e s  a t  s t a t ion  2 i n  May a n d  J u n e  
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c o r r e s p o n d e d  t o  s t r o n g  r e c r u i t m e n t  o f  young o f  t h e  y e a r  

i n d i v i d u a l s ,  a p a t t e r n  n o t  observed a t  s t a t i o n  1. Mean b i o m a s s ,  

i n  g e n e r a l ,  f o l l o w e d  t r e n d s  in mean a b u n d a n c e  a t  . bo th  s t a t i o n s .  

The greatest  d e v i a t i o n  between mean b iomass  a n d  mean a b u n d a n c e  

o c c u r r e d  a t  s t a t i o n  2 w i t h  t h e  i n f l u x  o f  young o f  t h e  y e a r  

between A p r i l  a n d  May a d d i n g  s u b s t a n t i a l l y  t o  mean abundance  

w h i l e  c o n t r i b u t i n g  l i t t l e  t o  mean b i o m a s s .  Mean a b u n d a n c e  a n d  

b iomass  a t  s t a t i o n  1 e q u a l e d  o r  e x c e e d e d  s t a t i o n  2 o n l y  i n  August 

a n d  September. 

Corm un i t  y a n  d T r o ph i c Cha ra c t e r i s t i c s 

Year round r e s i d e n t  t a x a ,  by o r d e r  o f  dominance ,  a t  s t a t i o n  

1 i n c l u d e d  P o e c i l i s  l a t i p i n n a ,  L u c a n i a  parva,  Gambusia a f f i n i s ,  

Gobiosoma s p p .  a n d  - M .  g u l o s u s .  T h e  o r d e r  of  res ident  dominance 

a t  s t a t i o n  2 was - G .  a f f i n i s ,  Gobiosoma spp . ,  - P .  l a t i p i n n a ,  - M. 

g u l o s u s  a n d  - L. parva ( T a b l e  2 ) .  D i f f e r e n c e s  i n  community and  

t r o p h i c  s t r u c t u r e  e x i s t i n g  between impounded a n d  open water a r eas  

was s imi l a r  t o  t h o s e  n o t e d  b y  S c h o o l e y  ( 1 9 8 0 ) .  The  c a t c h  a t  

s t a t i o n  1 i n c l u d e d  t h r e e  t a x a  (Anchoa m i t c h i l l i ,  Mic rogob ius  

t h a l a s s i n u s  a n d  S y n g n a t h u s  s c o v e l l i )  n o t  o b s e r v e d  a t  s t a t i o n  2 .  

Mugil  c e p h a l u s  was t h e  o n l y  commerc ia l ly  i m p o r t a n t  spec ies  

c o l l e c t e d .  

C a l c u l a t i o n s  of Pea rson produc  t-momen t c o r r e l a t i o n s  r e v e a l e d  

u n s p e c t a c u l a r  b u t  s i g n i f i c a n t  n e g a t i v e  r e l a t i o n s h i p s  between - M. 
g u l o s u s  and  - P .  l a t i p i n n a  ( r=-O.l3)  a n d  - L.  parva ( r = - O . l g ) .  A 

s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  ( r=O.53)  e x i s t e d  f o r  - M .  g u l o s i s  

a n d  Gobiosoma spp.  The s l i g h t  n e g a t i v e  c o r r e l a t i o n  between - M. 
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g u l o s  - s a n d  P. l a t i p i n n a  a n d  L.  p a r v a  may b - - - i n d i c a t i v e  o f  

d i f f e r e n c e s  i n  h a b i t a t  p r e f e r e n c e .  P. l a t i p i n n a  a n d  L .  pa rva  

were p o s i t i v e l y  c o r r e l a t e d  w i t h  e a c h  o t h e r  ( r = O . 4 9 )  a n d  were 

u s u a l l y  found a s s o c i a t e d  w i t h  SAV. These two taxa h a d  p o s i t i v e  

c o r r e l a t i o n s  w i t h  - R .  maritima o f  r=0 .20  a n d  r=O.29, 

r e s p e c t i v e l y .  - M .  g u l o s u s  was n e g a t i v e l y  c o r r e l a t e d  (r=-O.l3) 

w i t h  p e r c e n t  c o v e r a g e  of R .  mart ima . 

- - 

- 
P r e v i o u s  i n v e s t i g a t o r s  have i n d i c a t e d  a v a r i e t y  o f  h a b i t a t  

a s s o c i a t i o n s  f o r  - M .  g u l o s u s .  Reid (1954)  c o l l e c t e d  spec imens  

from s h a l l o w  s a n d  f l a t s  a n d  a l s o  found i n d i v i d u a l s  i n  d e e p e r  

f l a t s  a n d  c h a n n e l s .  Dur ing  siimmer, tbese s h a l l o w  f l a t s  were 

v e g e t a t e d  w i t h  - H .  w r i g h t i i ,  - S.  f i l i f o r m e ,  t u r t l e  grass  (Tha la s s i s  

t e s t u d i n u m )  a n d  - R .  m a r i t i m a .  

found s p e c i m e n s  a s s o c i a t e d  w i t h  mud a n d  l i t t l e  v e g e t a t i o n  w h i l e  

G i n s b u r g  ( 1 9 3 4 )  c o l l e c t e d  spec imens  from ponds ,  bayous  o r  i n  

small c o v e s  on a muddy o r  o c c a s i o n a l l y  g r a s s y  s u b s t r a t e .  

S p r i n g e r  a n d  ldoodburn ( 1 9 6 0 ) ,  C l a r k  (1971)  a n d  B i r d s o n g  ( 1 9 8 1 )  

s u g g e s t e d  t h a t  - M .  g u l o s u s  a p p e a r s  t o  p r e f e r  p r o t e c t e d  a r eas  w i t h  

muddy s u b s t r a t e s  a n d  v e g e t a t i o n .  Odum (1971)  a n d  Gilmore e t  a l .  

( 1 9 8 1 )  c o l l e c t e d  i n d i v i d u a l s  from s h a l l o w  w a t e r  a l o n g  r i v e r  b a n k s  

a n d  s m a l l  c r e e k s .  14. g u l o s u s  was common i n  g r a s s f l a t s ,  open 

s a n d ,  l agoon  reefs  a n d  o c c a s i o n a l l y  among mangroves (Gi lmore  e t  

a l .  1 9 8 1 ) .  P r i o r  t o  e v a p o r a t i v e  d e w a t e r i n g ,  r e s u l t i n g  i n  

h y p e r s a l i n e  c o n d i t i o n s  (60-150 p p t ) ,  E. g u l o s u s  was found i n  

impounded waters (Gi lmore  e t  a l .  1 9 8 2 ) .  K i l b y  ( 1 9 5 5 )  c o l l e c t e d  

95% of  h i s  s p e c i m e n s  from o u t e r  p o o l s  a t  Cedar Key. P o o l s  were 

d e f i n e d  a s  small s h a l l o w  b o d i e s  of  water which t y p i c a l l y  l a c k e d  

A t  N i n e  Mile Pond, B a i r d  ( 1 9 6 5 )  

- 



. . .  

emergen t  v e g e t a t i o n ,  were s u r r o u n d e d  by - S.  a l t e r n i f l o r a  a n d  

r e t a i n e d  water d u r i n g  low t ides .  Mean s a l i n i t i e s  ranged from 

15.4 t o  30.2 p p t .  He a l s o  o b s e r v e d  t h a t  i t  was most a b u n d a n t  i n  

t h e  d e e p e s t  part o f  t h e  o u t e r  p o o l s .  B i r d s o n g  (1981) showed a t  

Big P i n e  Key, F l o r i d a  t h e  d i s t r i b u t i o n  of  - M .  g u l o s u s  i n  a 3 m 

d e e p  c h a n n e l  t o  b e  i n  a r e a s  of l i t t l e  c u r r e n t  w i t h  f i n e  

s e d i m e n t s .  Subrahmanyam a n d  C o u l t a s  ( 1 9 8 0 )  no ted  p r e f e r e n c e  f o r  

uppe r  m a r s h e s  where  i s o l a t e d  ponds e x i s t .  These marshes had  

l i t t l e  d a i l y  d i s t u r b a n c e  a n d  a mean o f  81% of t h e  s e d i m e n t s  ( f rom 

two separate h i g h  m a r s h e s )  were composed o f  s a n d .  B g a t z  ( 1 9 6 8 )  

c o l l e c t e d  - M. g u l o s u s  from t h e  S t .  J o h n s  R i v e r  where s u b s t r z t e s  

were muck t o  rnud/sand. L i v i n g s t o n  (1976)  c o l l e c t e d  s e v e r a l  

i n d i v i d u a l s  in A p l a c h i c o l a  F h y  where mud s u b s t r a t e s  p r e v a i l e d  

(Laugh l in  1 9 8 2 ) .  

I V  es t imates  were l o w e s t  a t  s t a t i o n  1 i n  A p r i l  a n d  J u n e .  I n  

Augus t ,  - M .  g u l o s u s  ranked  5 t h  o f  e i g h t  s p e c i e s  c a p t u r e d ,  

g r a d u a l l y  i n c r e a s e d  i n  mon th ly  I V  u n t i l  December, when i t  was 1st 

of seven s p e c i e s  c o l l e c t e d .  Monthly I V  es t imates  a t  s t a t i o n  2 

were s i m i l a r  t o  t h o s e  o S s e r v e d  f o r  s t a t i o n  1. Low v a l u e s  

o c c u r r e d  i n  A p r i l  2 n d  A u g u s t .  P e s k  I V  es t imates  c l o s e l y  

c o i n c i d e d  w i t h  those  o b s e r v e d  f o r  s t a t i o n  1. 

- M .  g u l o s u s  a t  s t a t i o n  1, ranked  7 t h  (IV=23.3) o u t  o f  13  

s p e c i e s  c o l l e c t e d  d u r i n g  t h e  en t i re  y e a r ;  a t  s t a t i o n  2 ,  - M .  

g u l o s u s  r anked  5 t h  ( IV=24.9)  o u t  o f  1 0  s p e c i e s  (Tab le  2 ) .  

However, i n  each  c a s e  - M .  g u l o s u s  r e p r e s e n t e d  5.6% s n d  6.7% o f  t h e  

t o t a l  c a t c h  a t  e a c h  s t a t i o n ,  r e s p e c t i v e l y .  T h i s  was s imi l a r  t o  

Whi t ewa te r  Bay, F l o r i d a ,  w h e r e  - M .  g u l o s u s  was i d e n t i f i e d  a s  t h e  
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3rd most  a b u n d a n t  s p e c i e s  c o l l e c t e d ,  r e p r e s e n t i n g  j u s t  o v e r  6% of 

t h e  t o t a l  c a t c h  ( C l a r k  1 9 7 1 ) .  Subrahmanyam a n d  C o u l t a s  (1980)  

showed M .  g u l o s u s  i n  a n o r t h  F l o r i d a  sal tmarsh a s  2 1 s t  o u t  o f  47 

s p e c i e s  c o l l e c t e d  w i t h  o c c u r r e n c e s  i n  12% o f  t h e i r  samples. In  

t h e  h i g h  marsh where l e s s  d i s t u r b a n c e  o c c u r r e d ,  M .  g u l o s u s  was 

p r e s e n t  67% o f  t h e  t i m e  a n d  ranked 8 t h  o u t  o f  1 9  s p e c i e s  

- 

e n c o u n t e r e d .  

D i f f e r e n c e s  i n  community s t r u c t u r e  o b s e r v e d  a t  o u r  two 

s i tes  n a y  be  a t t r i b u t e d  i n  part t o  d i f f e r e n c e s  i n  h a b i t a t s  a n d  

t h e  r e s u l t i n g  t r o p h i c  s t r u c t u r e s  a n d  i n t e r a c t i o n s .  T h i s  

h y p t h e s i s  was e v a l u a t e d  t h r m g h  f o o d  h a b i t  a n a l y s i s  f o r  M .  

g u l o s u s .  A t o t s 1  o f  234 spec imens  was examined from s t a t i o n  1; 

- 

t h e  s tomach a n d  g u t  c o n t e n t s  of 159 ,  o r  67.9% were found t o  

c o n t a i n  f o o d .  The  p r i n c i p a l  i d e n t i f i a b l e  component of  t h e  

clown g o b y ' s  d i e t  was Crus t acea  c o m p r i s i n g  47.1% of t h e  t o t a l  

( F i g u r e  5 ) .  The  t s n a i d  Hagaria  rapax r e p r e s e n t e d  68.0%, 

un iden  t i f  i s b l e  amphipoda 20 .O%, decapoda  ( P a  l aemone tes  s p p .  ) 

6.7% a n d  cumacea a n d  o t h e r  u n i d e n t i f i a b l e  c r u s t a c e a  5.3%. 

Anne l ids  c o n t r i b u t e d  18.9% a n d  f i s h ,  6.3% t o  t h e  g o b y ' s  d i e t  o f  

t h e  c o n t e n t s .  U N I D O M  ( u n i d e n t i f i a b l e  o r g a n i c  m a t t e r )  r e p r e s e n t e d  

25.2%. 

The s tomach a n d  g u t  c o n t e n t s  of 317 o r  87.3% of 363 

spec imens  from s t a t i o n  2 p o s s e s s e d  food  i tems.  The  p r i n c i p a l  

i d e n t i f i a b l e  c o a p o n e n t  was s n n e l i d a  ( 4 0 . 8 % ) .  C r u s t a c e a  

r e p r e s e n t e d  24 .5%.  These  c r u s t a c e a n s  c o n s i s t e d  of 37.2% decapoda  

( P a l a e n o n e t e s  s p p . ) ,  32.1% o s t r a c o d a ,  25.6% Copepoda, 3.8% o t h e r  

u n i d e n t i f i a b l e  c r u s t a c e a  a n d  1.3% cumaces . U N I D O M  r e p r e s e n t e d  

11 



,. . - 

29.0% a n d  f i s h e s  3.5% o f  t h e  t o t a l  f o o d s  e a t e n .  The p r i n c i p a l  

f o o d s  were c r u s t a c e a n s  a n d  a n n e l i d s .  Reid  (1954)  , upon e x a m i n i n g  

t h e  s tomachs  of spec imens  45-57 mm SLY found copepods ,  m y s i d s  a n d  

amphipods  ( i n  o r d e r  a s  w r i t t e n )  were t h e  m a i n  f o o d s  i n  t h e  clown 

g o b y ' s  d i e t  a t  Cedar Key. Specimens c o l l e c t e d  from Nine Mile 

Pond, Texas a p p e a r e d  t o  f e e d  p r i m a r i l y  on l a r v a l  sh r imp  a n d  

amphipods  w h i l e  i n  l a b o r a t o r y  s t u d i e s ,  - M .  g u l o s u s  f e d  o n ,  i n  

a d d i t i o n  t o  t h o s e  items men t ioned  a b o v e ,  l a r v a l  f i s h  i n c l u d i n g  

i t s  own l a r v a e  ( B i r d  1965) .  S p r i n g e r  a n d  Woodburn ( 1 9 6 0 )  

i d e n t i f i e d  p o l y c h e a t e s ,  small b i v a l v e s  and  a lgae  a s  part of t h e  

d i e t .  

g u l o s u s ,  from North R i v e r  E s t u a r y  o f  t h e  E v e r g l a d e s  N a t i o n a l  

P a r k ,  F l o r i d a  a n d  found 43% amphipods,  2 1 %  h a r p s c t i c o r d  copecods  

i n  t h e  d i e t .  C l a d o c e r a n s ,  a l g a 1  s t r a n d s ,  m y s i d s ,  cumaceans a n d  

Odurn ( 1 9 7 1 )  a n a l y z e d  t h e  s t o n a c h  c o n t e n t s  cf 18 - M.  

c h i r o n o m i d  l a r v a e  were a l s o  i d e n t i f i e d  a s  d i e t a r y  components .  

P o p u l a t i o n  C h a r a c t e r i s t i c s  

Assessment  of  length-weight  re la  t i o n s h i p s  p e r m i t t e d  

e x a m i n a t i o n  of p o s s i b l e  d i f f e r e n c e  i n  r e l a t i v e  c o n d i t i o n  

between i n d i v i d u a l s  f r m  t h e  two s i t e s ,  j u v e n i l e s  and q d u l t s  a n d  

males a n d  f e m a l e s .  D i f f e r e n c e s  may b e  r e l a t e d  t o  age ,  sex ,  

t r o p h i c  s t r u c t u r e  o r  h a b i t a t  q u a l i t y  ( L a g l e r  1 9 5 6 ) .  No 

i n f o r m a t i o n  on t h i s  s u b j e c t  has been r e p o r t e d  i n  t h e  l i t e r a t u r e  

f o r  - M. g u l o s u s .  A l l  l e n g t h - w e i g h t  r e g r e s s i o n s  o f  t h e  l o g  10 

t r a n s f o r m e d  data were h i g h l y  s i g n i f i c a n t  ( T a b l e  3 ) .  The t o t a l  

l e n g t h  t o t a l  w e i g h t  r e g r e s s i o n  f o r  a l l  i n d i v i d u a l s  measu red  is 

p r e s e n t e d  a s  e q u a t i o n  o n e  ( T a b l e  3 ) .  E q u a t i o n s  two a n d  t h r e e  
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r e p r e s e n t e d  j u v e n i l e s  (11-30 mm TL) a n d  a d u l t s  (>3O mm TL),  

r e s p e c t i v e l y  ( S c h o o l e y  1 9 8 0 ) .  

D i f f e r e n c e s  i n  t h e  s l o p e s  a n d  i n t e r c e p t s  for .  e q u a t i o n s  two 

a n d  three i n d i c a t e d  t h a t  t h e  growth pat tern f o r  - M .  g u l o s u s  was 

a l l o m e t r i c .  A d u l t s  g a i n e d  more w e i g h t  p e r  u n i t  i n c r e a s e  i n  

l e n g t h  than  young. T h i s  may be r e l a t e d  t o  s e x u a l  m a t u r a t i o n  a n d  

t h e  r e s u l t a n t  gonad development .  A n a l y s i s  o f  c o v a r i a n c e  

(Kleinbaum a n d  Kupper 1978)  was c o n d u c t e d  t o  e x a m i n e  p o s s i b l e  

d i f f e r e n c e s  i n  l e n g t h - w e i g h t  r e l a t i o n s h i p s  be tween sample  s i t e s  

a n d  sexes. The  l e n g t h - w e i g h t  r e g r e s s i o n s  f o r  a d u l t  males a n d  

females were n o t  s i g n i f i c a n t l y  d i f f e r e n t  i n  s l o p e  ( z = 1 . 1 5 6 )  o r  

i n t e r c e p t  ( z = - 1 . 2 0 3 ) .  S i m i l a r l y ,  n o  s i g n i f i c a n t  d i f f e r e n c e s  were  

o b s e r v e d  between s l o p e s  (z= .9478)  o r  i n t e r c e p t s  ( z=1 .079)  f o r  t h e  

two s t a t i o n s ,  b a s e d  on a common s u b s e t  of  a d u l t  i n d i v i d u a l s  

between 30 a n d  60 mm TL. The p o o l e d  r e g r e s s i o n  ( e q u a t i o n  t h r e e )  

f o r  a l l  i n d i v i d u a l s  g r e a t e r  than 30 mm TL was t h e r e f o r e  

c o n s i d e r e d  r e p r e s e n t a t i v e  o f  a d u l t s  f o r  b o t h  s t a t i o n s  a n d  s e x e s .  

E q u a t i o n  4 r e p r e s e n t s  t h e  r e l a t i o n s h i p  b e t w e e n  s t a n d a r d  

l e n g t h  a n d  t o t a l  l e n g t h  f o r  - M .  g u l o s u s  b a s e d  on measurements  of 

506 i n d i v i d u a l s .  

p o s s i b l e  t o  c o n v e r t  l e n g t h  d a t a  f rom one measurement  t o  a n o t h e r  

w i t h  a h i g h  degree of a c c u r a c y .  

It W ~ S  h i g h l y  s i g n i f i c a n t  (r2=0.99), nakir lg  i t  

T o t a l  l e n g t h s  f o r  spec imens  f rom s t a t i o n s  1 a n d  2 ranged  

between 11 a n d  7 1  rnm ( F i g u r e  6a -c ) .  Young o f  t h e  year 

i n d i v i d u a l s  f i r s t  a p p e a r e d  i n  May 1984 ,  w i t h  s m a l l e s t  i n d i v i d u a l s  

( 1 1  mm TL) b e i n g  c o l l e c t e d  in June  a n d  J u l y .  Along t h e  west 

c o a s t  o f  P l o r i d a ,  K i l b y  ( 1 9 5 5 )  c o l l e c t e d  t h e  smallest  f i s h  a t  
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I k y p o r t  i n  l a t e  Sep tember ,  wh i l e  a t  Cedar Key t h e  s m a l l e s t  

spec imens  were c o l l e c t e d  i n  M a y  ( 1 2  mm SL) .  P l ank ton  samples a t  

N i n e  Mile Pond r e v e a l e d  t h e  p r e s e n c e  o f  - M .  g u l o s u s  l a r v a e  10 mm 

SL i n  June and  J u l y  ( B a i r d  1965) .  T a g a t z  ( 1 9 6 8 )  c o l l e c t e d  

spec imens  less  than  20 mm FL d u r i n g  May, August a n d  Oc tobe r  

th rough  December i n  a two and  a h a l f  y e a r  s t u d y  o f  t h e  f i s h e s  o f  

t h e  S t .  J o h n s  R i v e r .  Grouping  months f o r  three y e a r s  ( A p r i l  

1961-November 1 9 6 3 ) ,  t h e  t o t a l  a b u n d a n c e  o f  - M .  g u l o s u s  d u r i n g  

Oc tobe r  t h r o u g h  December was s u b s t a n t i a l l y  h i g h e r  than  a n y  

p r e v i o u s  months ,  w h i l e  l e n g t h s  o f  f i s h  o b t a i n e d  were smallest 

d u r i n g  t h i s  p e r i o d  ( T a g a t z  1 9 6 8 ) .  

E s t i m a t i o n  of  t h e  a n n u a l  r e c r u i t m e n t  pat tern based  on f i s h  

l e n g t h  f r e q u e n c y  data  (Brey  a n d  P a u l y  19861,  i n d i c a t e d  l e s s  t h a n  

10% o f  t h e  t o t a l  r e c r u i t m e n t  o c c u r r e d  between t h e  months of 

December a n d  A p r i l .  R e c r u i t m e n t  i n c r e s s e d  s h a r p l y  i n  % y  t o  

a p p r o x i m a t e l y  l o % ,  f l u c t u a t e d  between 1 4  a n d  19% from J u n e  

th rough  Sep tember ,  t h e n  d e c l i n e d  g r a d u a l l y  in October  a n d  

November. T h i s  r e c r u i t m e n t  p a t t e r n  a l o n g  w i t h  t h e  o c c u r r e n c e  o f  

i n d i v i d u a l s  l e s s  t h a n  20 nm TL d u r i n g  t h e  months o f  my t h r o u g h  

October  a n d  i n  t h e  c o l l e c t i o n  o f  December 27 ,  d e f i n e d  9 

p r o t r a c t e d  s p a w n i n g  p e r i o d  f o r  - M .  g u l o s u s ,  i n  t h e  waters of t h e  

e a s t  c o a s t  o f  c e n t r a 1  F l o r i d a .  K i l b y  (1955)  b e l i e v e d ,  a s  d i d  

Reid (1954)  t h a t  - M .  g u l o s u s  posses sed  an e x t e n d e d  b r e e d i n g  

s e a s o n .  R e i d ' s  c o l l e c t i o n  of - M .  g u l o s u s  n e a s u r i n g  15-20 rnm SL i n  

m y ,  June  a n d  O c t o b e r  i l l u s t r a t e d  a p r o t r a c t e d  b r e e d i n g  season  

f o r  p o p u l a t i o n s  o c c u r r i n g  a l o n g  t h e  west c o a s t  o f  c e n t r a l  

F l o r i d a .  B i r d s o n g  ( 1 9 8 1 )  s p e c u l a t e d  t h a t  p o p u l a t i o n s  o c c u r r i n g  
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i n  s o u t h e r n  F l o r i d a  may e x p e r i e n c e  spawning t h r o u g h o u t  t h e  y e a r .  

Samples  o b t a i n e d  from B a y p o r t  and  Cedar Key ( K i l b y  1955) ,  i n  

which - M .  g u l o s u s  <25 mm SL were c o l l e c t e d  d u r i n g - e a c h  season  a l s o  

i n d i c a t e d  p r o t r a c t e d  spawning .  R i p e  i n d i v i d u a l s  were observed i n  

Tampa Bay i n  J u l y  a n d  November ( S p r i n g e r  a n d  Woodburn 1 9 6 0 ) .  

R e s u l t s  o f  c a t c h  c u r v e  a n a l y s e s  (Brey  a n d  P a u l y  1986)  t o  

d e f i n e  growth ra tes  a n d  o t h e r  p o p u l a t i o n  s t a t i s t i c s  by  ELEFAN 

i n d i c a t e d :  

1. I n d i v i d u a l s  may o b t a i n  l e n g t h s  o f  35 t o  40 mm TL d u r i n g  

t h e i r  f i r s t  y e a r .  Age I1 i n d i v i d u a l s  t y p i c a l l y  grow a n  

a d d i t i o n a l  15 t o  20 mrn TL. Growth in i n d i v i d u a l s  beyond Age 

I1 was less  than  10 mm TL p e r  y e a r .  

2. The c a l c u l a t e d  Brody growth c o e f f i c i e n t  (K) was 0 .62  a n d  

t h e  mean a s y r n p t o t i c  l e n g t h  was 74 .9  m m .  

3. The i n s t a n t a n e o u s  m o r t a l i t y  r a t e  f o r  t h e  p o p u l a t i o n  

sampled was 2.94 w h i c h  produced a n  a n n u a l  e x p e c t a t i o n  of 

d e a t h  ( A )  o r  a n n u a l  m o r t s l i t y  r a t e  of a p p r o x i m a t e l y  95% 

(Ricker  1 9 7 5 ) .  

Thus ,  few i n d i v i d u a l s  l i v e  beyond a g e  I1 a n d  growth o f  t h o s e  t h a t  

do i s  s low.  Only t h r e e  i n d i v i d u a l s  grea:er t h a n  70 mm TL were 

c a p t u r e d  d u r i n g  o u r  s t u d y .  One p o s s i b l e  s o u r c e  of b i a s  t h a t  

s h o u l d  be c o n s i d e r e d  when i n t e r p r e t i n g  t h e s e  r e s u l t s  i s  maximum 

water d e p t h  from which o u r  samples  were c o l l e c t e d .  Larger a n d  

o l d e r  i n d i v i d u a l s  may i n h a b i t  d e e p e r  waters r e s u l t i n g  i n  

u n d e r e s t i m a t e s  of  maximum s i z e  o b t a i n e d  a n d  o v e r e s t i m a t e s  o f  

m o r t a l i t y  r a t e s .  

O v a r i e s  from s p e c i m e n s  from s t a t i o n  2 were examined 
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m i c r o s c o p i c a l l y  t o  a n a l y z e  f e c u n d i t y  ra tes .  The mean number of 

ova i n  25 i n d i v i d u a l s ,  r a n g i n g  between 35 a n d  49 mm TL, was 

305.52 + 77.45. T o t a l  mean egg diameter i n  f o u r - o f  these 25 

i n d i v i d u a l s  (41-49 mm TL), was 0.66 + 0.21 mrn w i t h  a mean ova 

r a n g e  o f  0.43 t o  0.89 mm.  Eggs i n  these  f o u r  spec imens  were a 

d a r k  go lden  c o l o r  a n d  w e l l  deve loped .  These  f i s h  p o s s e s s e d  a 

d i s t e n d e d  abdomen a n d  upon d i s e c t i o n ,  b o t h  o v a r i e s  were l o c a t e d  

v e n t r a l  t o  t h e  i n t e s t i n e .  

- 

- 

A second s e t  of  1 4  a d u l t  s i z e  females ( 3 2  t o  46 ~ E I  TL) 

l a c k i n g  d i s t e n d e d  abdomens a n d  wi th  eggs o f f  w h i t e  t o  l i g h t  

y e l l o w  i n  c o l o r  were a l s o  e v a l u a t e d .  Ovaries were d o r s a l l y  

p o s i t i o n e d  i n  r e l a t i o n  t o  t h e  i n t e s t i n e  i n  these  s p e c i m e n s .  Eggs 

were t o o  f r a g i l e  a n d  mucoid t o  be  tessed a p a r t  f o r  a c c u r a t e  

c o u n t i n g ,  however ,  mean d i a n e t e r s  r anged  from 0.08 t o  0 .61 mm.  

O v e r a l l ,  t h e  l a r g e s t  egg e n c o u n t e r e d  was 1 . 1 4  mm i n  d i a m e t e r  

f rom a 42 mm TL i n d i v i d u a l .  T h e  smal lest  egg measured w i t h  

c o n f i d e n c e  was 0.03 mm in d i a m e t e r  a n d  o c c u r r e d  in a 33 mm TL 

spec imen .  No s i g n i f i c a n t  d i f f e r e n c e  was found  b e t w e e n  t h e  

numbers  o f  e g g s  o c c u r r i n g  in t h e  l e f t  o r  r i g h t  o v a r i e s .  The 

l a r g e s t  number o f  ova c o u n t e d  f o r  a n y  one f i s h  was 5 6 7 ,  2 7 4  eggs 

i n  o n e  o v a r y  a n d  293 in t h e  o t h e r .  

G S I  v a l u e s  were h i g h e s t  i n  March a n d  A p r i l ,  p r i o r  t o  t h e  

o n s e t  o f  spawning, a s  ev idenced  by  r e c r u i t m e n t  of  young o f  t h e  

y e a r  i n  May a n d  June  ( F i g u r e  l o ) .  GSI v a l u e s  d e c l i n e d  

d r a m a t i c a l l y  t h r o u g h  J u n e ,  then i n c r e a s e d  t o  a c o n s t a n t  l e v e l  in 

J u l y ,  August a n d  September ,  a s  i n d i c a t e d  by  o v a r i e s  i n  a l l  stages 

of deve lopmen t .  GSI v a l u e s  d e c l i n e d  i n  f a l l  a n d  w i n t e r  when few 



r i p e  i n d i v i d u a l s  were o b s e r v e d ,  R e c r u i t m e n t  of young o f  t h e  y e a r  

a l s o  d e c l i n e d  d u r i n g  t h i s  p e r i o d .  G S I  v a l u e s  f o r  ma le  g o b i e s  

d i s p l a y e d  n o  s u b s t a n t i a l  d e v i a t i o n s  t h r o u g h o u t  t h e  year  

Summary a n d  Conclus ion  

T h i s  i n v e s t i g a t i o n  p rov ided  many i n s i g h t s  i n t o  t h e  e c o l o g y  

a n d  l i f e  h i s t o r y  of t h e  clown goby on t h e  ea s t  c o a s t  o f  c e n t r a l  

F l o r i d a .  - M .  g u l o s u s  p o p u l a t i o n s  e x h i b i t e d  b e h a v i o r a l  a g g r e g a t i o n  

t h a t  v a r i e d  i n  i n t e n s i t y ,  depending  on abundance  a n d  h a b i t a t  

c h a r 3 c t e r i s t i c s .  C a p t u r e  d a t a  f i t  a n e g a t i v e  b i n o m i a l  

d i s t r i b u t i o n .  Mean d e n s i t i e s  o f  - M .  g u l o s u s  a c h i e v e d  l e v e l s  a s  

h i g h  a s  2 2 . 1  i n d i v i d u a l s  p e r  m2 d e p e n d i n g  on h a b i t a t  a n d  s e a s o n a l  

p o p u l a t i o n  f l u c t u a t i o n s  ( r e c r u i t m e n t ) .  I V  es t imates  p l a c e d  - M .  

g u l o s u s  a t  a mid l e v e l  o f  t h e  community s t r u c t u r e  b a s e d  on 

abundance  a n d  b iomass .  Biomass ranged between 0 a n d  5 g m  p e r  

m 2 .  

i n d i c a t e d  a n  o p p o r t u n i s t i c  f e e d i n g  s t r a t e g y .  C r u s t a c e a n s  were 

t h e  dominant  food  s o u r c e  a t  s t a t i o n  1 w h i l e  p o l y c h e s t e s  were t h e  

Food h a b i t  a n a l y s e s  f o r  gob ie s  of t h e  two i s o l a t e d  l o c a t i o n s  

p r i n c i p l e  food item a t  s t a t i o n  2 .  Spawning a n 3  r e c r u i t m e n t  was 

p r o t r a c t e d ,  e x t e n d i n g  from s p r i n g  t h r o u g h  esrljr win ter  (Apr i l -Vlsy  

t o  November-December) . Peak r e c r u i t m e n t  o c c u r r e d  J u l y  t h r o u g h  

September  w i t h  more o c c u r r i n g  a t  s t a t i o n  2 t h a n  a t  s t a t i o n  1. 

Annual es t imated growth  r a t e s  were 35 t o  40 mm TL f o r  a g e  I,  15 

t o  20 nun TL f o r  age 11, a n d  less  than  10  mm TL f o r  a g e  111 o r  

o l d e r  i n d i v i d u a l s .  I n s t a n t a n e o u s  m o r t a l i t y  r a t e  was 2.94 a n d  t h e  

a n n u a l  m o r t a l i t y  ra te  was a p p r o x i m a t e l y  95%. Few i n d i v i d u a l s  

l i v e  beyond t h e i r  s econd  year.  No s i g n i f i c a n t  d i f f e r e n c e s  were 



.. , 

I. 

n o t e d  i n  t h e  r e l a t i v e  c o n d i t i o n  of t h e  male o r  female f i s h  o r  i n  

spec imens  c o l l e c t e d  from t h e  two i s o l a t e d  l o c a t i o n s  b a s e d  on 

l e n g t h - w e i g h t  r e g r e s s i o n s .  Growth p a t t e r n s  were a l l o m e t r i c ,  

a d u l t  f i s h ,  ( > 3 0  mm TL) g a i n e d  more weight  p e r  u n i t  l e n g t h  

increase  than  d i d  young. I n d i v i d u a l  f e c u n d i t y  estimates a v e r a g e d  

305.5 w i t h  a s t a n d a r d  d e v i a t i o n  o f  77.5.  Mean egg diameter  was 

0.66 m m .  
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T a b l e  1. Observed  c a t c h  of Mic rogob ius  g u l o s u s  a n d  c a l c u l a t e d  K a n d  
P v a l u e s  f o r  f i t s  t o  t h e  n e g a t i v e  b i n o m i a l  d i s t r i b u t i o n .  

STATION 1 

Number c a p t u r e d  263.00 
Mean 2.19/m2 
S t s n d a  r d  d e v i a t i o n  4.26 
Min i m u m  0.00 
M3 ximum 30.00 
K 0.2497 
P 0.1027 

STATION 2 

Number c a p t u r e d  954 . 00 
Mea n 8.67/m2 
S t s n d a  r d  d e v i a t i o n  10.27 
Min i m u m  0 .00  
Ma ximum 45.00 
K 0 5575 
P 0.060 
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T a b l e  2. S p e c i e s  r a n k i n g  by i m p o r t a n c e  v a l u e  (IV) f o r  s t a t i o n s  
1 a n d  2 from March 1984 t o  F e b r u a r y  1985. F o r  e a c h  
s p e c i e s ,  f r e q u e n c y  of o c c u r r e n c e  i n  p e r c e n t ,  n e s n  
number c a u g h t  p e r  t o s s  a n d  mean b i o m a s s  ( g )  p e r  
i n d i v i d u a l  c a u g h t  p e r  t o s s  a r e  a l s o  g i J e n .  

S p e c i e s  Rank I V  F r e q u e n c y  Abundance Biomass 

S t a t i o n  1 

P o e c i l i a  l a t i p i n n s  1 51.2 
Lucania  p a r v s  2 43.3 
Elops  s a u r u s  3 42.6 
Gobiosoma s p p .  4 20.2 
Gambusia a f f i n i s  5 27.7 
Mugil  c e p h a l u s  6 24.1 
Microgob ius  g u l o s u s  7 23.3 
Syngna t h u s  s c o v e l l i  8 16.5 
Cyprlnodon va r i e g a  t u s  9 15.3 
Men i d i a  pen i n  s u l a e  1 0  13.6 
Anchoa r n i t c h i l l i  11 9.6 
Fundu lus  g r a n d i s  1 2  2.2 
Microgob ius  t h a l a s s i n u s  1 2  2.2 

S t a t i o n  2 

Gambusia a f f i n i s  1 
E l o p s  s a u r u s  2 
Gobiosoma s p p .  3 
P o e c i l i a  l a  t i p i n n s  4 
Microgob ius  g u l o s u s  5 
Mugil c e p h a l u s  6 
Lucan ia  pa rva  7 
Men i d i a  pen i n  s u l a  e 8 
Cyprinodon va r i e g a  t u s  9 
Fundu lus  g r a n d i s  10  

67.5 
53.8 

24.9 
23.6 
20.3 
17.3 
1 3 . 4  
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T a b l e  3. R e s u l t s  of  t o t a l  w e i g h t - t o t a l  l e n g t h  a n d  s t a n d a r d  
l e n g t h - t o t a l  l e n g t h  r e g r e s s i o n  a n a l y s e s  f o r  
Mic rogob ius  g u l o s u s .  

E q u a t i o n  N - R2 Length  (TL)  

1) Log W = -4.65 + 2.72 Log L 1136 0.98 11-71 mm 
2 )  Log W = -.447 + 2.58 Log L 669 0.93 11-30 nm 
3 )  Log W = -5.21 + 3.06 Log L 467 0.97 31-71 mm 
4 )  SL = .155 + .782 TL 506 0.99 11-71 mm 
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F i g u r e  1. S t u d y  s i t e s  1 a n d  2 a t  t h e  head  o f  t h e  Banana R i v e r ,  
Brew r d  C o w  t y ,  F l o r i d a .  
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F i g u r e  2.  Monthly p h y s i c o c h e m i c a l  parameters f o r  s t a t i o n s  1 a n d  
2 from March 1984 t o  F e b r u a r y  1985. 
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F i g u r e  3 .  Monthly mean number f i s h  per m2 a n d  mean b iomass  p e r  
rn2 f o r  s t a t i o n s  1 and 2.  
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F i g u r e  4 .  Month ly  s p e c i e s  impor t ance  v a l u e s  ( I V )  f o r  
Mic rogob ius  gulosus f o r  s t a t i o n s  1 and 2. 
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1 .  - 

F i g u r e  5. P e r c e n t  compos i t ion  of p r e y  c a t e g o r i e s  i n  s t o m a c h s  a n d  
g u t s  of Micro o b i u s  g u l o s u s  f o r  s t a t i o n  1 (N=234) a n d  
s t a t i o n  -& 
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F i g u r e  6 ( a - c )  . Leng th - f r equency  h i s t o g r a m s  f o r  M i c r o g o b i u s  
u l o s u s  f o r  s t a t i o n s  1 and 2 combined from March b t o  F e b r u a r y  1985. 
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F i g u r e  7.  Mean gonadosornatic i n d i c i e s  p l o t t e d  monthly from 
March 1984 t o  Februa ry  1985. 
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